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for separating organic |iquids based upon their polarity utilTizing a |ow
polarity or non-polar menbrane. Backaround O The Invention It is well
known to separate m xtures of |iquids by various techniques 10 including
adsorption or distillation. These conventional processes, however,
general ly have high capital costs. For exanple, separating |iquids by
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exchangers, as well as a substantial anmount of auxiliary equipnment, such
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or processing beyon require sinp on to conplete the
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azeotrope , the separation may require a series of steps (e.g., use of two
or more 20 toveplantysriligingae waprlarity o nep-pelan sremigeRs: i al s t one separating
system Adsorption systens al so encounter conparable problens-to those
associated with distillation. Thus, it would be advantageous to be able to
separat e currephoAlundBRdEThAInYentidyl Ch are difficult or expensive to separate
by distillation or adsorption systens 25 The use of nenbrane technology to
separate m xt ures whiiciweRksodnftdé sepatate moxtorgsanf dijeids py dasoud tealiriguesor
adsorption are. kpnown in the art.and.include the yse of or qus and
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30 have been preapbseckpehsieddistilliticretomwersbhemas, Heat eshangere aniwelinsas of

organi ¢ substances .or water/organi c substance m xtures }hr ough
per vapor at i on, SUpsiBtahgmquatghapghary equipment, such as, pumps, collection vessels,

vacuum generating equipment, etc. Distillation operations also generally have

15 high operating costs associated with heating, cooling and material transfer.
Additionally, the specific properties of the materials being separated may
warrant equipment or processing beyond that required for simple distillation to
complete the separation. For example, when the mixture to be separated forms an
azeotrope, the separation may require a series of steps (e.g., use of two or more
20 towers) or by the addition of other materials to the separation system.
Adsorption systems also encounter comparable problems to those
associated with distillation.
Thus, it would be advantageous to be able to separate mixtures of materials
which are difficult or expensive to separate by distillation or adsorption systems.
25 The use of membrane technology to separate mixtures which are difficult
to separate by distillation or adsorption are known in the art and include the use of
porous and non-porous membranes. Non-porous membranes are used to separate
mixtures of miscible liquids by exploiting the differences in the rate of transport
through the membrane by means of a solution and diffusion mechanism. Methods
30 have been proposed which utilize membranes to separate mixtures of organic

substances or water/organic substance mixtures through pervaporation, vapor
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Examples of methods employing such membrane separations include
separation of organic substunce/water mixtures using a polymeric membrane
15 having active anionic groups, separation of ethanol/water mixtures using a
cellulose acetate membrane or a polyvinyl alcoho! membrane, separation of
organic substance/water mixtures or organic substance mixtures using a poly
acrylonitrile copolymer membrane and separation of organic substance mixtures
using a cross-linked polyvinyl alcohol membrane.
20 U.S. Patent No. 4,798,674 to Pasternak et al. describes a method for
concentrating a charge solution containing a C;-C; alcohol and an organic
oxygenate selected from organic ethers, aldehydes, ketones and esters through
pervaporation using a membrane of cross-linked polyvinyl alcohol and a high
molecular weight ion exchange resin in membrane form. The alcohol permeates
25 the membrane at a higher rate than the oxygenate, thus concentrating the
oxygenate.
The present inventors have unexpectedly discovered that a liquid of
reduced polarity relative to a mixture of liquids having varying polarity can be

selectively separated from the mixture using a low polarity or non-polar, non-

30 porous membrane.
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contacted with the mixture under conditions such that the lower polarity fluid is

15 carried away from the membrane. The mixture typically comprises fluids of
varying polarity, e.g., dimethyl carbonate, ethylene glycol, and methanel, and
wherein the lower polarity fluid comprises dimethy} carbonate. It is also desirable
to use the method of the present invention when hydrogen is the lower polarity
fluid.

20 The present invention also includes the use of such a membrane integral to
a chemical reactor, wherein the mixture comprising the fluid of varying polarity is
formed via the reaction of ethylene carbonate and methanol.

Optionally, two or more low polarity or non-polar polymeric membranes
are contacted by the mixture in series, wherein the permeated liquid from one

25 membrane contacts the next adjacent membrane and so forth. The membranes
preferably have different flux rates and different selectivities relative to the
selectively permeable fluid or fluids which contact each respective membrane.
The membrane may further comprise a porous support layer and typically is a
composite membrane comprising a plurality of polymeric layers.

30 The present invention also includes a process for producing a dialkyl

carbonate which comprises the following steps: (a) reacting an alkanol with an



30 The present invention also includes a process for producing a dialkyl
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al yLne enbonate and, optionally, an al kyl che glycol; and (b) separating at
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contacting at |east one |ow polarity or non-polar polyneric nenbrane 5 with
t he product m xture under conditions which produce a perneate conpri sing
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m xture of fluids. For exanpl'e, assune a urd mxture contained fluid 1.
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hi gher 20 polajity than the precedjng ljsted fluids (J. .,.as_to polarity:
fluid I < pai dbesotng hpRget & tHopq ﬁﬁlfaecghp.dlq? AR BROR SEARIBRIAT Of (e ffrl?qu%ﬁh 3
could quglify fil.i - uid 4 in
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t hrough 3. || eirpers@ninay beeedlizod and aaingl hyomedmsrof spmsetunegtalities addur e of
organic 25 fluids, (e.g., liquids and/or, gases) based upon their relative
pol arity. Moretompwationsparfiqulatly peigted oupinibeg appnded clagngel y separating a
liquid or liquids of relatively lower polarity froma mxture of |iquids
havi ng varying polarity using a

Detailed Description Of The Preferred Embodiments

15 As used herein and in the claims, the term “lower polarity” when referring
to a fluid (e.g., liquid and/or gas) means that the fluid with lower polarity is of
relatively lower polarity as compared to at Jeast one other fluid of higher polarity
1n a mixture of fluids. For example, assume a fluid mixture contained fluid 1,
fluid 2, fluid 3, and fluid 4 and that each successively listed fluid was of higher

20 polarity than the preceding listed fluids (i.e., as to polarity: fluid 1 < fluid 2 < fluid
3 <fluid 4). Then each of flnids 1 through 3 could qualify as a fluid of lower
polarity, because at least one fluid 4 in the mixture of four fluids is of a higher
polarity than each of fluids 1 through 3.

The present invention is a method for separating a mixture of organic

25 fluids (e.g., liquids and/or gases) based upon their relative polarity. More
specifically, it is a method for selectively separating a liquid or liquids of
relatively lower polarity from a mixture of liquids having varying polarity using a
low polarity or non-polar, non-porous polymeric membrane.

The process of the present invention is accordingly suitable, for example,

30 for the following separation tasks, i.e., the removal of dialkyl carbonates from

alcohols, the removal of dialkyl carbonates from diols, the removal of diallyl
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f ol | ow ngwse@msatizon tasks, i.e., the renoval of dial kyl cardwpstasefrom

al cohols, the renoval of dialkyl carbonates fromdiols, the renoval of
dialky'. 25 OC1 20 WO 03/0112239 PCT/US@ 13919 car bonat es Sour

al cohol water m xtures or nod/water m xtures, the renoval of alkyl pyridin
s frompyridine, and the renpoval of esters fromreactiunm xturK containing
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whi ch have | ow polarity or non-pola ranes are pr

non- por ous polinseatibs niEENocegpplicalste forvepardtthgiydtigen filorh esevan sixttesnot
permtting macroscopic sized particles to pass therethrough). The polyneric
nmenmbr anés  nmay feFeexaple, drorme syReab eonfaming hydregpn, eaheremenerade. carhonede | v
occurring pol &g;ﬁe?harﬁgteri als. for exanple, normally occurring |atex. The
suitability ofa girven |l ow polarity or non-polar nenbrane for use in 15 the

present invention mMyRBrafed Sataréedefdy actofNPRS the prelefl ihtattionindledd thosd) Whi ch
a mxture ofa polar species and a non-pol ar species is allowed to diffuse

t hrough the mevranes n@ecfrompolireeric matedels svhitdekavigdbw\polaritEenngn-polar. A

relative di ff,H%i Vi t){, aé}IFe. dig%ﬁi Vi té of non- pol .ar Snglﬁ-d es. divided by diff
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preferrgd. 20 phrdiRHRBRRNSS 1ot pbAniie BLGS&Bbid sﬂz‘@rﬁalh-@éleé o p%sé ow pol arity

or non-polar "|atex-based nenbrane foamed from natural latex found in the
Hevea br asi | etlsrsthraugbe . Théapolymien Eleneaebrhrsts enayhzssybtetic destratrs dr dseya

cytoplasm c system copntagi nin ubber .and nonr.ubber. pani cl es dispersed in an
o eoue” ser umh e gl R R TRar PRBE. BO R aPAL: BOHIYG3 o
95 wt % Ci s- 1-0%5&%%@1&9;9””3- The 25 nonrvbberportion consists |nnocence
(0.30 1.0 wt9%, acetone extract (1.5-4.5 w%, protein (20:3.0 wt% and ash
(02-0.5 wNh). The suitability of a given low polarity or non-polar membrane for use in

15 the present invention may be determined by a competitive diffusion test, in which
a mixture of a polar species and a non-polar species is allowed to diffuse through
the membrane. One such test is described below in Example 1. A relative
diffusivity (i.e., diffusivity of non-polar species divided by diffusivity of polar
species) greater than 1 is required, and greater than 3 is preferred.

20 A membrane useful in the present invention is a low polarity or non-polar
latex-based membrane formed from natural latex found in the Hevea brasilensis
tree. Natural Hevea latex has been described as a cytoplasmic system containing
rubber and nonrubber particles dispersed in an aqueous serumn phase. Genperally,
Hevea natural rubber contains about 93 to 95 wt% Cis-1-4-polyisoprene. The

25 nonrubber portion consists of moisture (0.30-1.0 wt%), acetone extract (1.5-4.5
wt%%), protein (20.-3.0 wt%) and ash (0.2-0.5 wt%).

The double bonds in such natural rubber undergo the usual chemical
reactions, such as, addition, substitution and epoxidation. Thus, the natural rubber
can be treated or modified to change its physical properties. For example, natural

30 rubber can be chlorinated to imiprove its resistance to chemical attack, reacted with

peracids to provide an epoxidized natural rubber which has increased oil
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Procr abl yt he
ratio of heteroatoms, such as oxygen, nitrogen or chlorine, chemically bonded to

15 the carbon atoms in the membrane polymer to the number of carbon atoms be less
than 0.2 heteroatoms per carbon atom, and more preferably less than 0.05. Thus,
some common condensation polymers, such as nylon 6,6 (polyamide) and
polyethylene terephthalate fall outside this preferred range of heteroatom content.

The membranes according to the current invention may also be composed

20 of two or more polymeric layers to form a composite membrane. Preferable, the
composite membrane will have a first outer side composed of a low polarity or
non-polar polymeric material to provide for the less polar fluid(s) to be separated
from the mixture within the first outer side of the membrane. Preferably, the
composite membrane will have an inner layer or layers between the first outer side

25 and second outer side of the composite membrane. The inner layers should be of a
suitable material to allow diffusion of at least one of the non polar fluids to be
separated from the starting mixture of fluids. Optionally, the inner layer may be
chosen such that it will allow for diffusion of less than all of the non polar fluids
that diffuse into the first outer side of the membrane. For example, the inner layer

30 or layers may be of sufficient number and/or thickness to allow for preferential

diffusion of a molecule of smaller diameter from a mixture of fluids with equal
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t he second solvent fluid side.
15 membrane is characterized by permitting: (a) sorption in the first face of at least

one component of the fluid mixture, e.g., the least polar material in the mixture;
(b) diffusion of the one component across the thickness of the membrane; and (c)
desorption of the one component from the second face into the solvent fluid. A
chemical potential gradient or concentration gradient for the one component is
20 then established across the membrane, the potential or concentration in the first
fluid mixture being greater than in the second solvent fluid side.
The overall rate of migration of the one component from the first fluid
mixture to the second fluid is dependent upon, inter alia, the following: (1) extent
and rate of sorption of that one component in the first face of the membrane; (2)
25 rate of diffusion of the one component through the membrane; and (3) extent and
rate of desorption of the one component out of the second face into the solvent
fluid.
If either extent or rate of sorption 1s low then the overall migration rate of
the one component will be low regardless of the diffusion rate of the component in
30 the membrane or desorption rate into the solvent fluid. The extent and/or rate of

sorption of the one component may be low, for example, because its concentration
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diameter decreases. However, among components having substantially the same

15 diameter, those of greater length (i.e., greater aspect ratio) will generally diffuse
less rapidly. Components having great lengths (e.g., polymers) may not diffuse at
all even théugh they have small diameters in the extended (e.g., solvated or
diffused) form and appreciable sorption (so-called “snake-cage” effect). The
interstices in the material of the membrane must be appreciably larger than the

20 characteristic dimension of the diffusing component (e.g., the one component). In
some instances the overall permeability can be quite high, even though the extent
or sorption is low, owing to exceptionally large diffusion coefficients. In some
processes (e.g., pervaporation) the rate of desorption of sorbed components into
the solvent fluid in contact with the second face of the membrane can be so high

25 . and/or the chemical potential of the desorbed components in the solvent fluid so
low that the second face is essentially free of sorbed components. In such a case,
the overall rate of migration of the one component may be almost entirely
determined by the slow diffusion in the second face. Small molecules and/or

mblec_ules having high affinity for the material of the membrane will then be
30 favored.
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thi ckness of the nenbrane, can also affect the rate of mgration.
polymer employed. For example, the proportions of elastomer, fillers, softeners

15 and vulcanizing agents present in the compounded latex rubber can affect the
selectivity and rate of migration. The molecular weight and viscosity of the
polyrmer or elastomer, and the thickness of the membrane, can also affect the rate
of migration.

Preferably, the addition of fillers and softeners will be avoided or

20 minimized, so that the membrane will contain none or only small amounts of such
addjtives or impurities, because of the negative influence on the permeability of
the membrane. The membrane will generally be vulcanized (or cross-linked) by
heating during the preparation process of the membrane or, optionally, by the
addition of a small amount of a vulcanizing or cross-linking agent during the

25 preparation process.

The low polarity or non-polar latex membrane of the current invention can
be prepared in the form of a film by any process known in the art, such as, for
example, casting or coating an aqueous dispersion or emulsion followed by
drying. Such an aqueous dispersion will generally contain about 5 to 10 wt%

30 elastomer, e.g., polyisoprene, and a crosslinking or vulcanizing agent, e.g., sulfur

or sulfur species.



Preferably, the addition of fillers and softeners will be avoided or 20
mmt i zed, so that the nenbrane will contain none or only small addWtd06f
such add wouwssogrs7i npubti es, because of the negative infl uarcEusi/iIe
perneability of the nmenbr ne. The rrerrbran? will generally be vul cani zed (or
cross-linked) by heating during the prepa gtion process of the nmenbrane or,
optionally, by the addition ofa small anmount of avuicardnng or
cross-1linking agent during the 25 preparation process. The | ow pol arity or
non- pol ar | atex nenbrane of the current inventiaon can repared in the
formofa film by anyAwﬁ@@b@gemfvhnuthﬁ pwgrﬁmvengeahvﬂi@refe gly igglagppa@on-
casting or coatl n Qus emil.sion fol{owed g.
AR SR R SRR aP LRy SLadiRra Bve: aRfSE s gkl

Such an aqueous POl Sper Si o W A cor tor

etastoner, e g"aHeat 0.Yit6 APHAME p re’f&dblg 0:5 a§§ hliRK ipRefepdb &é@ﬁé’ﬁdﬂ -porods pgent , e
g., sulfla or sul tvr speC|es 1002237 10 2 5 205 Io?tN501113979

A rrenbent re terwfilde iasonpooated Mmpompmmmmmmwh@m sarbenlayeti n a
rour- porous h r of ncr obl.e | ow de nrat - sn~ .po] yst or
iving & thi i hlglgﬁlssa'eﬁofmoaﬂ&sﬂﬁﬁwgﬁgb A et TheCarRela G, ¢
Pot hwal si v, the,ft rﬁHsE aHQ}';éi“é? :ﬂ!xﬁ bchn!at!enQP hAHCAY Q%E&E%ré;ﬁh%b?o?@%@@ﬁme
si necure which contar ns carrier 1ayer, Ravi ng a egne of ‘porosity

and mechani cal @'ﬁi’oﬁngdhh:n cltwh oramesh,'a way:exr metaltmmipm g:‘lESsaﬁHeayeTh@a‘:araexy
sui tabl e varter| al , a’ﬁ'SCh as. a fbr ous or surn-illociess, goven or

non-wrrven cl ot!Avescanbe any gospas.dleyiblaaprigrigbyhich é$°‘§¥%?§’§l€f rﬂéﬂﬂfé‘liéféusner
| oyer a= be say %1 6&?&9& fm, \Wﬁ%ﬁ \Br'r]@vﬂm&"fﬁme HORRL é}r%péﬁﬁeg Um%éror
el ng n Ic i es

chem cal st at U al ne a oo, odes enhanc proper

under 1@ fic, th@@}fdcfﬁ&omﬁﬁﬂ‘gamﬁdltyﬁ@r dituars. The cart be of ese, vvivich
presents the Ifinv of hquid firtan nme side _of the nerialustrave to the
other by arty means Bhev@embrang car ae &f any eonfiearatigncvkish geveris he Spwipf

orfihn. . aras R4 PRI BEC e AOMIR. LR ol By Rt 453 Bl Torbr anes
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through the membrane itself. Typical configurations include any configuration

known in the art, such as, flat sheets or films, tubes or hollow fibers. Although the

15 use of a single membrane is typical, the use of a series of membranes having
different rates of permeation and selectivity is also contemplated. Generally, when
such a series of membranes are employed, the mixture of liquids having varying |
polarity will be contacted successively with the membranes so that the permeated
liquid from one membrane is contacted with the next membrane in succession.

20 Typically, the membranes will be arranged so that they are contacted in order of
decreasing rate of permeation and increasing selectivity.

The process of the present invention is particularly useful for separating
organic liguids having varying polarities that are difficult or costly to separate by
other methods, such as, distillation. For example, mixtures of liquids, such as,

25 dimethyl carbonate and methanol, are difficult to separate by distillation because
an azeotrope is formed. However, since dimethyl carbonate is less polar than
methanol and will selectively permeate through the low polarity or non-polar
membranes of the present invention at a faster rate than the methanol, it can be
selectively separated from the mixture.

30 The present process can be carried out under pervaporation conditions, in

which the mixture of fluids (e.g., liquids or gases) having varying polarity is
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of the low polarity or non-polar, non-porous membrarie. The less polar liquid to

15 be separated from the mixture absorbs into the membrane and diffuses
therethrough. The permeate which passes through the membrane is swept away
with a liquid solvent stream. The solvent can generally include any substance in
which the permeated substance being separated will dissolve into or readily mix
with. Preferably, a solvent will be chosen which can easily be separated from the

20 desired permeated liquid. Typical solvents can include, for example, methanol,
heptane, pentane, hexane, cyclohexane, or any other non-reactive, low boiling
organic solvent.

The process conditions of the present invention will vary depending on the
composition of the mixture to be separated and the required performance criteria

25 of the specific membrane, since the temperature can effect the diffusion rate
through the membrane and, thus, may effect the overall rate and selectivity. For
example, dimethy! carbonate produced by the transesterification reaction of
ethylene carbonate with methanol can be separated from the reactor effluent
stream by a process according to the present invention by contacting the mixture

30 (e.g., reaction effluent) on a first side of the membrane at temperatures up to about

260°C. Although the pressure is not critical, since the rate of permeation is
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been subjected to preliminary separation, e.g., distillation, to yield, for example, an
15 azeotrope of methano!l and dimethyl carbonate.

Thus, in one embodiment, the process of the present invention will be
incorporated into the purification steps of a chemical synthesis, e.g., dialkyl
carbonate production,

In another embodiment, the process of the present invention can be

20 incorporated into the reactor itself. This will be particularly useful in connection
with an equilibrium reaction wherein a reaction product is selectively withdrawn
from the reaction mixture. By withdrawing the reaction product, the equilibrium
can be shifted to increase yield and selectivity and possibly reduce the amount of
reactants or recycle to the reactor. An example of such a reaction is the

25 transesterification reaction between an alkanol and an alkylene carbonate which
produces dialkyl carbonate and alkylene glycol.

The reactants to the transesterification reaction (e.g., ethylene carbonate
and methanol) are typically contacted in the presence of a transesterification

catalyst. The transesterification catalyst can typically include any homogeneous or

30 heterogeneous catalyst known in the art which provides adequate reaction kinetics.
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diazabicyclononene (DBN) and the like; thallium compounds, such as thallium
15 oxide, thallium halides, thallium hydroxide, thallium carbonate, thallium nitrate,
thallium sulfate, thallium salts of organic acids and the like; tin compounds, such
as, tributylmethoxytin, tributylethoxytin, dibutyldimethoxytin, diethyldiethoxytin,
dibutyldiethoxytin, dibutyldiphenoxytin, diphenyldimethoxytin, dibutyltin acetate,
tributyltin chloride, tin 2-ethylhexanoate and the like; zinc compounds, such as,
20 dimethoxyzinc, diethoxyzinc, ethylenedioxyzinc, dibutoxyzinc and the like;
aluminum compounds, such as, aluminum trimethoxide, aluminum
triisopropoxide, aluminum tributoxide and the like; titanium compounds, such as,
tetramethoxytitanium, tetraethoxytitanium, tetrabutoxytitanium,
dichlorodimethoxytitanium, tetraisopropoxytitanium, titanium acetate, titanium
25 acetylacetonate and the like; phosphorus compounds, such as, trimethylphosphine,
iriethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
triphenylmethylphosphonium halides and the like; zirconium compounds, such as,
zirconium halides, zirconocenes, zirconium acetylacetonate, zirconium alkoxides,

30 zirconium acetate and the like; lead and lead-containing compounds, such as, Jead

oxides, e.g., PbO, PbO,, Pb;0, and the like; lead sulfides, such as, PbS, Pb,Ss,
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(DBL), diwdabmeyst ononene (DBN) and the like; thallium conmpoungdsz2isueh as
thallium 15 oxide, thallium halides, thalhjum hydroxide, thallium carbonate,
thalliumnitrate thalliumsulfate, thalliumsalts of organic acids and the
Ile; tin conmpounds, such as, aibutyl nmethoxytin, tnbutylethoxytin,

di butyl di met haxytin, diethyldiethoxytiq dibutyldiethoxytin,

di but yl di phen by .dj nyl di mahoxytin, . di but vl tin. agce e, uibutyltin
chi o_r%/de, p_be %Ztﬁ%fiﬁfé‘ggﬁ?ré?%lgﬁﬁo’? W*@%(m)é}%ém% such as?/ 20

di mei hoxyzi ne,pag%@géyﬁg]ppbzcﬁm% ERPHE R ZHIRMLiES, RHOOXY NDBL@N K ,PH,,| | ke:
al um num conpounds, ‘such™as,” al uni num tri net hoxi de, al um num

triisopropoxi ddaHEbOgiKiRbOs arnlhe tikeeplamblateheuth kg NaPi@4) NmHePbounds, such

, h itmd hoxyd b [
G chi or oa met MR ea DT SRb iy b Bgt G L e Captes,

el ] oo SR EATRF i I A PREOSPRUN (ATRR Suchylo
tri phenyl phospdtinfisoundé aﬁ&m&ﬁmﬂwhﬁpwﬁgpmw& PaLOCES),, fCHgo)Pb(oph),

tri oetyl butyl phosphoni um hal i des, a i1 phenyl net hyl phosphonum hal i des and t he

li ke; zirconi ufb(EFimedse likedpadsalts of praevisi agidshand epekonaascod desip eslls

kel oad andbregh seoReaFHAG B BHEECOLERY, BROCOERRRATRL % “hog
PbQ2, Pb30L an@etine &g&%}ed@ﬁﬁ%ﬁﬁhai d8&h asS BUPRPh B U, PRC B3h,PoBRr, OCT 1D WO
03/ 002237 PCT/ US0203929 14 PbSZ and the Iike; I'ead Rydroxides, such as,

Pb(OL1) B} PbsORt:Bbi(pr PhdPbzy BobhOBH) R, Pb@laad tig:1lleavherdint Brerdpkesents laumtyilt es,
such as, Na2PbOh K2Pb(R, NaHPbQ2, P602 .an he 1dle; pl tes,_such

o NaPh0B - NETREP Ph SRR B T Iatlsg’, -6 SN ER: TR 1 he

i ke; |ead car . 118.eC ; (o] Tz

PbCOS. Pb( OH) 2 gﬁﬁ ﬁ‘i’% Eg;qmglal%lol%ff %ggnh%%%n%’o%ur%? ﬁlgﬁ%r?/lfoxyg%eaaéldcﬂa?rpounds,

such as Pb( OCH®e2 hydi@t3 @) BiesORa) compb iR )i -exvtiandees, kg as, esidneathamgof
organi c acids, and carbonates and basic salts therelof such as,.. Pb( OCOCHSh
Pb( OCOCHa) 4. PIEBOERYARE FTSEABIBAETOURH 20 4reETP RS O #rlgafh SPe R@e Cdifunds, such

as, Bu9pp. Ph<BRandibBRCleleREBERE the group consisting of sulfonate, carboxylate and
phosphate groups; strongly basic solid anion-exchangers having quarternary

ammonium groups as ion-exchange groups and the like; solid inorganic

compounds, such as, silica, silica-alumina, silica-magnesia, aluminosilicate,

gallium silicate, various types of zeolites, various types of metal-exchanged
20 zeolites, ammonium-exchanged zeolites; and mixtures thereof.

Preferred homogeneous transesterification catalysts include alcoholates
and alkali hydroxides and carbonates, such as, sodium methylate and sodium
hydroxide. Preferred heterogeneous transesterification catalysts include anion
exchange resins having tertiary amine, quaternary ammonium, sulfonic acid or

25 carboxylic acid functional groups, solid support catalysts containing alkaline earth
metal halides, such as, those described in U.S. Patent No. 5,498,743, which is
incorporated herein by reference, or inorganic solid support catalysts alone, such
as, alumina, pseudoboehmite, MgO and MgQ/Al,0; hydrotalcites, or containing
ions, metals, compound or complexes of at least one element of Groups 1, 2, 4-10,

30 12 and 13-17 (JUPAC classification, previously Groups 1A, 2A, 4B-8B, 2B and
3A-7A) of the Periodic Table.



10 Ph3Pb (or PhsPb2), Bu/PbOH Ph2PbO and the |i ke wherein Bu rﬁgﬁﬁeﬁﬁs a
butyl group and Ph represents a phenyl group; |lead alloys, suc ) - Na,
Pb- Ca, Pb-w8aszo0dh3Sn, Pb-Sb and the Iike, |ead minerals, susfrasyggbsna,’' vnc
bl ende and the |ike; hydrates ofthese Ie%j conpounds; i on-exchangers, such
as, action-exchange resins having teriary am no groups, am de goups, or at
| east one type of ion 15 exchange group selected fromthe group consisting
of sulfonate, carboxylate and phosphate groups; strongly basic solid

ani on- exchangers havi ng quartemary_ups as iQmexchange groups and the |ike;
solid inorganic conjﬁléfu?i’ag}’s"é:é%heﬁ lized; gsjasplidsgs 4 oAutyliznd so8d, & iliidvagnesi a,
al nm vostl|ieatg, %ﬂe%?%fﬁ#rédfo%%eiﬁ@ﬁnhpﬁsa%d\?&ﬁz fsoﬁﬁ."' | L8Rt calififdr OUS types
of i net al - exchange zeol'rtes, nmmmoxXdnm exchanged zeolites; an Xt ures

t hereof Pref ergueh af)cinndiedicass] fabnsestrelkdli satal balideadaa by SbRibilel telene
al eohol ates and al kali hydroxi des and carbonates, such as, sodium nethyl ate
and sodi um hydmexe® thelkyleng eabonatetsgen alkarol stapm s pepther dteaanthetat al yst s

i nclude Son exchange resj having tertiary,.an uat.er nar ni um
sul furi © aci d 5 O5consory oo RaH i bRet 8 stnd oo LRt B el 4™
catal ysts cont@iited odlekalldteeb&BdrtdhgeBitadr ) Bd@Sidized ¢l Bfnndd QSR 1glescri bed
in US Patent No. 5,498,743, Wiich'is air by reference, or inorganic solid

support cat al ysthsnczltheganssgetifieationakeagtiona, pseudoboebnite, MyO and MyQ A120
e hydrotal cites, or.contai 'Cngo ions, netals und ot coggl exes af ar

, ls, co
| east one el enent of 2EFEH , nzr,e&‘-:tiﬂc@é’tﬁ‘sﬁ?ﬁr@ L OmPSOBAEIEI%8s st 5cat i on,

reviously & : , bodi )
D50C11005 \/\oqg@’%ﬂ@?’ﬁ%ﬁ‘lg&%%g@?ﬁ %33?;8 (0@4%3%55? gﬁ,?ﬁfﬂcgﬂ B eeg%? %yﬁ zed as
a solidipas a fsgthubbht ZeH (3T0)de absut YOOIR QOUEC), had Movd prlefdriisly Bogd sioued

fonnbeing that of a solublized solid. A solid calelyst, such as, an alkali
net al car bonat WOSF (38°kate abat S00TF{1H8¥C ) dixcpesiendy bighlt¢émperaturesmas resyit nore of

(e 2 ko ene SaRORaLE SLLeRmy il DSl ShSR AL SRS uabhgem, et &
XS0 e AN 080 OB Y L S 0B 50 e
membrane. Exceedingly low temperatures can result in reduced alkylene carbonate

15 and alkanol conversion. Suitable reaction pressures generally range from about 0

- psig to about 5000 psig, preferably from about 50 psig to about 1000 psig, and
more preferably from about 50 psig to about 500 psig. Excessively low pressures
can result in vaporization of the alkanol resulting in carryover of the alkanol with
the dialkyl carbonate-containing product.

20 In such a reaction, the latex-based low polarity or non-polar, non-porous
membrane, preferably a polyisoprene membrane, will be incorporated into a
transesterification reactor used to react ethylene carbonate and methanol to
produce dimethyl carbonate and ethylene glycol. By utilizing such a membrane in
accordance with the present invention, the dimethyl carbonate product from the

25 reaction zone can be selectively separated and withdrawn from the reaction
mixture as permeate.

The raffinate stream will generally contain ethylene glycol, a small amount
of dimethy! carbonate, unreacted methanol and unreacted ethylene carbonate. It

may also contain homogeneous transesterification catalyst, if used. The raffimate

30 stream containing the unreacted ethylene carbonate can be recycled to the



Trensesteri 5cati onceaction conditions generally conprise a react '€$ 0
tenperature rangi ng fromabout 32F (0C) to about 500'F (260C), pr QFMN/
10 from abgptes/60f23¢21- C) to about 400-F (204C, and nore pr efpermaidog/18970m
about | OOSF (38C) to about 300-F (149C). Excessi vely high tenperatures can
result in the deconposition of the dial k>} carbonate into undesirable
thernol ys]s products, such as, carbon di oxi de and possibly reduced yield or
selectivity ofthe nenbrane. Exceedingly |low tenperatures can result in
reduced al 6yl ene carbonate 15 and all anol conversion. Suitable reaction
pressures genetbansesicrifipgfonreestonerauwssibly dractpdite adndmlySo0BC9E {9, preferably

from about 50 psig.to about 0 Si nd . nor referably from about 50
psig to about g%ﬁgﬁlﬁggm&@é%s‘% e%i”@%%%%%"%?&ﬁreiqﬁengaiy‘fo sul't in vaporization
of the al kaaol resulrhé REnhBratPdert@¥ieh pﬁiceémnadekq}iaﬁﬂtedf\ﬁﬁdélr pERBpSHBbK ¥

car bonat e-contai ning product. 20 In such a reaction, the |atex-based now
polarity or nopergiodcdion cooditipns.oUsdenmemaparationmoaditiond ithe perpmkiei sstpfehe
menbrne, _will be incor .rat.egwié to a_ trpsesterification reactor used to
Feact ot hyl enclEmbRIRATE SRIGAHE PhREY2PE URIe 3 OB 188 AFPYoRR SERHTAS EAfnd

et hyl ene gl yco RN mggr ' ' :

pr esent inventilngﬁ%\é%;’h%é’a}lqr%fe%ﬁﬁl{%geEbonat %ﬁ?ﬁphﬁﬁ@ﬁ%ggg%gﬁlf}%n zone
can be sel ect i s@itains theadiaicty] amtlowdté, avag\frorh tigmeinéraneatindenpersiratiivne as
penreate. The rafflnate streamw || general I¥ contai n ethylene glycol, a

smal | amount  eFnditansya ligwidsehenbstragik €dothegtang: WHhbs craplgyemthiesiacBdbcet hyl ene
b e . _ gk e
carbonate. 1t LG gﬁé%o}%a[%%t@sﬂe%ﬁggrﬂl%ﬂgfg%f%n{srtﬁgaxgxfeé@lgz&b%ﬁéfeoyw gyst. |

used. The raffi ream’co nin e unea neé carbonate can
be recythed t othehrerdbian&CT 2005 coo 0. 3/002 16 PCT/ U501113979
transesterification reactor or possibly directed to a hydrolysis reactor for
conveni ng unconver t Bycestaiy Cegnganass ifane beobasefigiabioautdize egiolverhwhieBitiHane

et vapor at on Fonuiry Dhde RREARThill SPerRel SRR b S BT (Vi car 1y
be mainr(r)ed padfhtednéampdont-Aniag an NSE BarbbiiAaXgiEh @Al be used as an
oxygenéte additive for gasoline, a suitable gasoline blending component may be
15 employed as the sweep stream solvent, thus avoiding a separation step for the
alkyl carbonate and the solvent.
The examples set forth below are for illustration purposes only. The scope

of the present invention is not in any way himited by the examples set forth below.

20 EXAMPLES
Static experiments were performed in which various mixtures of organic
substances were placed on one side of a low polarity or non-polar latex membrane
and a solvent was placed on the other side of the membrane. The static system
was maintained at about 70°F {(21°C) and the composition on each side of the

25 membrane was measured by GC as a function of time.



.0., N2, can be used to sweep the vapor phase perneate steam V\/njégtbﬁ%ﬁsai ns
the di ncdryl carbonate, away fromthe nenbrane. Under perstracti

condi ti ongyp a3/hidxgsd d sol vent stream e.g., heptasse, wll| bgcggphopes to a
i qui d pbaseper meam sream whi ch contai ns I(he di met hyl carbonate, away from
10 the nenbrane. In certain circunstances It may be benetie sol vent which
Wl be used with the substance being separated. For exanple, in the oast of
a perneate stream containing an al kyl carbonate, which will be used as an
oxygenate additive for gasoline, asuitable gasoline blending conponent may
be 15 enpl oye sweep stream sol vent, thus avoiding a separation step

f h | kvl : _
for he ot car bTat a4 DS Rak Elin i PXBURLT ALl OL bR o 2 e
in any way |iniDMd) Byd 3.he oeésﬁﬁfafétﬁ)él%ﬂé cdrbéidie (m)a\oaﬁ&mlst@tdfc

experinments were perfornmed in various mst res of organic substances
were pl aced ormethend(MeQd). alHesampanaioniwasqrlacednnpet adrdjen@brandfionane and a

i nal red ot ABOORT0IeR CoTe P RRSE G Lo AR IOt e 25

menbr ane was RIOneH (irteSW Afacs, Iﬁé\ﬁt&fd?ﬁ WNéw YR, TRe Sorftfeln %89Hed ¥fPaAP/ 002234
PCT10SQ2/13999 17 EE 1 in this exannl a m xture containi ng 3.92 grans of

duaet hyl car bomspeaded D\Cyoluent 3280 gﬂafé\dc@H@Dht;liIEden a@ldsa bedler. ('Eﬁ§ was

combined with 10 m. of _nethano The ced inside a
Troj anr D br andoREpsHiop af thecam nf‘tgci”e’%‘q_%% %V\gﬁ’ﬁ\?ﬁ VEHbl e from

Youngs Rubber i u?&?b
condom was ti eé(iﬁ\o?k]\t efrj%g cgﬁgdggg%g%ﬁ)}ﬁ&a}ﬁg%% venty %%V&%%ﬁ%?gﬁ?%@% lgiopﬁt%gl ned in
a gl asslbeakerof ZRiwurs chipossiliscare Giftet belosointiabdi 1.o0n 1 nsi de t he condom (si de

1) and ofthe solvent outside oftbe condom (side 2) was neasured by gas
chromat ogr aphy over a period

TABLE 1

Results of Static Experiment For DMC apd EC (in wt%)
Time (hours) DMC (side 1) EC (side 1) DMC (side '2) EC (side 2)
0 54 46
25 51 49 100 0
83 52.6 47.4 100 0
2.25 52 48 96.5 3.4
5.75 46.2 53.8 95 5
24 20 80 88.4 11.6

A review of Table 1 reveals that DMC diffuses through the latex

membrane faster than EC.

Example 2

In a static experiment similar to Example 1, 10 mis of a reaction product

from a zeolite catalyzed transterification reaction, contaimng 9.3 wt% DMC, 50.1




10 of 24 hours. The results are listed belowin Table 1. TABLE } ﬁz% s of
Static Experinent For DMC and EC (in w9% Ti m aho, 7) OMZ( si de()EZ? (0

t C(si de2) W s#6Br3705a46 255149t W 8352647410 2. 2552A496534 954ﬁ;53§)3)8§955
('<4 _20 S0884116 15A review of Table | ?geal s that DMC dCfuses through the
| atex menmbrane faster than EC. Fxe 2 In a‘Static experinent simlar to
Exanple 1, 10 ms ofa reaction produ 20froma zeolite catal yzed
transterification reaction, containing 93 vt % DMC, 50.1 WD 03/002237 18 2 5
Dcl 2D05 r CT/USC2/ 17979 wt % hydr oxyet hyl nethyl carbonate (IMZ), 28.4 wtee
EC and 12.2 wwéehydrbeysshylghsthyll caﬂE@)ﬂte lemm%eﬂ@ hed 1RLants ¢thbleaﬁd

| atex c dom(alde I ndtled of f con then sSus din 400 ms
of MOT (sid&¥ Qgﬁu W“o?lr%gr‘f%'%% %O@F’\é\‘% Q?Lfféft%d's ‘éi‘f%ver
period of 480/*&? ﬁ'ﬁ de%hf’ﬁ‘aasiheh@ﬁs ﬁ Mo%s‘@sw&?s THar DMVC, H'VC

and EC as wt e total m Xt ur anount of EG a afunctlon of tinme
was not recor detipotiioniodeach &ﬁewascrmpmed[ by G CGvagerdeteaivdiofidd hbars. DAidAMC and

EC as w/ relative to each other. The results re isted bel ow in Table 2.
10 TADES2 Rediihe sompogitign was ggisamined for PHIC. gaavticofthateitoy Tauc
DMC HMC muxture. The amount of EG as a function of time was not recorded. On side 2 the
composition was determined for DMC, HMC and EC as wt% relative to each
other. The results are listed below in Table 2.
10 TABLE 2
Results of static Experiment For DMC, HMC and EC (in wt%)
Time DMC HMC EC DMC HMC EC
(hours) (side 1) (side 1) (sice 1} (side 2) (side 2) (side 2)
0 9.3 50.1 28.4
1.3 86.5 5.4 8.1
375 7 53.8 27.1 776 11.3 ir3
215 2.6 553 29.2 €8.5 13.6 179
-} 28 12 57.8 28 62 18 20
48 57.9 18.1 238
A review of Table 2 reveals that DMC diffuses through the latex
membrane faster than HMC. Although the amount of EG was not quantified in
15 the table above, it was noticed that it primarily remained on side 1 of the latex

membrane demonstrating that DMC diffuses through the latex membrane faster

than EG.

Example 3




EC DMC I I MC EC (ho,)Ride I)(Side 1)(Sid, 1)(side 2)(side 2)(side 2)

09. 3501284 1386.5548. 1 395753827i 77611. 1113 2152655329. 2685G5119 5 0CT 2005
281257. 82Q@Y43749:34857918. 1238 A review of Table 2 reveal s t@@aguddylgsevf f uses
t hrough the | atex

menbrane faster than AMC. M hough the anount of EG was
not quantified in 15 the table above, it Was noticed that it primarily
remai ned on side 1 of the latex nenbrane denonstrating that DMC diffuses
through the | atex nmenbrane facer than EG Wo 0310223, 25 0OC11003
PCEN901113979 19 Ina static experinment simlar to Exanple 1, a m xture of
5.0 grains of DMClaadtahib erpairecmfsindtdtitb Bxamplealt edmdnusiof&.(Agamstdie | at ex
condom rrenbr%rﬁpandgoo ill§ anhept ane was pl aced, on  side 2 of the latex
condom nenbr &REC aFAd S EBHBeet Mot ks eigesr of sde d thalelay 8P GC over a

Rocul s of ot Ble e FARO0R I drhefie kaS bbb Y o ton

el ) M saeDVC ( siciebdid. (RietwnzosAibiiFledcH 616828 n236#6@ b RD63S b pésiod B6

5 20 hours. The results are listed below in Table 3.
TABLE 3
Results of Static Experiment For DMC and MeOH (in wt%)

Time (hours) DMC (side 1) M (side 1) DMC (side 2) M (side 2)

0 16.3 83.7

1.67 6.8 932 30.7 69.3

20 6.3 93.7 24.3 75.6

10 A review of Table 3 reveals that DMC diffuses through the latex

membrane faster than MeOH.

While we have shown and described several embodiments in accordance
with our invention, it is to be clearly understood that the same are susceptible to
numerous changes apparent to one skilled in the art. Therefore, we do not wish to

15 be limited to the details shown and described but intend to show all changes and

modifications which come within the scope of the appended claims.



10 Areview of Table 3 reveals that DMC di 5nses through the Is nenbrane
faster than McOH Wile we have shown and described several embodin@ik 205 n
accordance wth or invention, it is to be clearly understood that the sanme
are susceptible to numerous changes afflarere to one skilled in the art.

" Therefore, we do not wsh to 15 be limted to the details shown and

descri bed but intend to show all changes and nodifications which cone

w thin thepagoRe of the appended clainms. 2 5 OCT 2005 20 CLAIMS What is
claimed isT T , A process for producing a dial kyl carbonate which conprises
the fol | oWhagisstaspedista) reacting an ethanol with an al kyl ene carbonate,
thereby formng a produce m xture conprising said dialkyl carbonate, said
al kenol and said al kyl ene carbonate; and (h) sonmething at |east a portion
of sod dial kylj.car banabss fo? PredicthgRl Qalkel carbBniteuvidcRyoripided @lid following| east
one low solidify or non-polar polyneric menbrane with said product m xture
under con®fRS: ons V\/m ch produce a perrreate conprising said dal kyl carbonate
in a concentration g{m%g{%k danpar“%q %tcamoé%ér&e;er 8%‘%&% (a) 2. The
process of claim 1 erei sal ure her ¢ rises

al kyl ene gloﬂﬁalmixﬁn-ér bempi it O ssd Qifall@n edrborate, i ragitanoBaiddsatti aalk;klylhe car bonat eis
dinmeth carbonate. 4. The process of claim1l, wherein said nenbrane is one
whi ch hascabengts; 80df  het er oat ons cheni cal | y bonded to the carbon atons in

said nenbrane to th The
met hod of claim 4, %géﬁ%?%fn %ftl agtae[l?o | S Sg‘éds)&ta‘r%(?éarg%@e gQ@g&taldg@m% met hod
for separ mixtog bgztcohaaﬁmg atrieast omrougmjlmwtoy nbh-pokr polgmesic mexibuire with f 1 ui ds

havi ng varyl ng polarity, the method copprising: contacting. at |east one | ow
pol arity fd H’i?ﬁll?}dméFur%BP‘}fr’?éPP@U%WBFl&hé‘f%u%a peregieRomnIsingorid k!

conpri si ngarhdithdiR aton¥@fivatiB hRAEAIhbA Yo sl pRARGGHIHIE fdlhd &5 gL T al up to

2. The process of claim 1, wherein said product mixture further comprises an
alkylene glycol.

3. The process of claim 1, wherein said dialkyl carbonate is dimethyl
carbonate.

4, The process of claim 1, wherein said membrane is one which has a ratio of

heteroatoms chemically bonded to the carbon atoms in said membrane to the number of

carbon atoms of less than about 0.2.

5. The method of claim 4, wherein said ratio is less than about 0.05.

6. A method for separating at least one lower polarity fluid from a mixture of
fluids having varying polarity, the method comprising:
contacting at least one low polarity or non-polar polymeric membrane with
said mixture of fluids comprising fluids of varying polarity, at a pressure differential up to
600 psia, such that at least one lower polarity fluid selectively permeates through said

membrane.



600 psia, such that at |east one |ower polarity fluid selectively Eger
through said menbrane. 25 OCT 2005 21 7. A process for producing kyI
carbonate, the process conprising' (a) reacting an al kanol with an al kyl ene
carbonate at a tenperature up to 2600C2Hnd at a pressure of up to 5000 psia,
t hereby form ng a product m xture conprising said dialkyl carbonate, said

al kano | and said al kyl ene carbonate; and (b) separating at |east a portion

of 2l d dial kyb. car RaRalees [ ARl RiAMGLrdihi ediisCORhaARNG at | east

one | ow polarity or n- pol a neric menbrane Wt oduct mi xture
under conditions whiag reaptinglarcekangd e theat adkyderemaitinaty a&altdnphraﬂulwmia to

carbon e B SOt Bon B OB e BB 715 RS LS P
said dialkyl carbonate, said alkanol and said alkylene carbonate; and
(b) separating at least a portion of said dialkyl carbonate from said product
mixture by contacting at least one low polarity or non-polar polymeric membrane with
said product mixture under conditions which produce a permeate comprising said dialkyl
carbonate in a concentration higher than in said product mixture from step (a) at a pressure

differential up to 600 psia.



